Abstract. The paper utilizes monthly onshore RMB and the Hongkong offshore RMB data from May 2012 to January 2016 and applies the state space models to illustrate how the Hongkong offshore RMB market affects China's foreign exchange reserves. The results confirm the impact of the offshore RMB market on Chinese foreign exchange reserves. Accordingly, the paper provides recommendations as well.
Introduction
With the rapid development of economic globalization, foreign exchange reserves are increasingly important to economic stability and social development. With the development of RMB internationalization, Hongkong offshore RMB market has become the world largest RMB offshore funds pool. Wang and Liu (2012) [1] , Zhou (2013) [2] , Xu (2015) [2] , Ye and Tao (2015) [4] find that the RMB cross-border trade settlement reflects the evident characteristics of imbalance which means the payment scale of RMB import is much higher than RMB export, making the stock of foreign exchange reserves arising rapidly. Except for cross-border trade settlement, Zhang (2014) [5] also finds that there exist lots of arbitrage activities between the onshore and offshore RMB market which accelerate the accumulation of foreign exchange reserves. Unfortunately, there is no literature which quantitatively studied the influence of Hongkong offshore RMB market on China's foreign exchange reserves.
The Influence of Offshore RMB on China's Foreign Exchange Reserves The Empirical Analysis of the Influence of Onshore Market Factors on China's Foreign Exchange Reserves
To eliminate heteroscedasticity, we use the natural logarithmic of the scale of China's foreign exchange reserves(CFR), total imports and exports(IE),RMB real effective exchange rate(REER), the ratio between shibor and libor (DR), total direct investment(FO) and the account of QFII in stock exchanges(QA), representing as LCFR, LIE, LREER, LDR, LFO, LQA. The monthly data are over the period from May 2012 to January 2016.
The result of unit root test indicates that all variables are first-differenced. The result of Johansen cointegration test shows that there is a long-term equilibrium relationship between the variables. Then we use the state space model to find out the influence of onshore RMB on China's foreign exchange reserves. The model consists of signal equation and state equation as Eq.1 and Eq.2, respectively. We estimate the state space model by the Kalman filtering algorithm. Fig.1 Figure 1 . Variation of the influence coefficient of the factors in the onshore market.
From Fig.1 , we can see that each variable has the following characteristics. In total, China's foreign exchange reserves have a sensitive response on DR, but it has a stable response on IE, REER, FO and QA. The coefficient of DR is between -0.01 and 0.14 with great volatility. The coefficients of other factors are relatively stable. To be more specific, the impact of REER on China's foreign exchange reserves is the largest, followed by that of IE, ER, FO and QA. QA is the new added variables and its influence is not statistically significant.
The variance decomposition results are shown in table 1. REER has the highest explanation ability, followed by IE and DR. Although the contribution of FO is low, it is in an upward trend. The explanation ability of QA is relatively weak, less than 4% in the twentieth period. Overall, IE, REER and DR have significant effects on China's foreign exchange reserves, but FO and QA have relatively small effects on China's foreign exchange reserves. 
The Empirical Analysis of the Influence of Offshore Market Factors on China's Foreign Exchange Reserves
Based on the above test, we consider the offshore factors as well in order to study the influence of offshore markets on China's foreign exchange reserves. Then we compare the change of the influence of the onshore factors before and after adding the offshore factors.
CFR, IE, REER, DR, FO and QA are the same as the above test and the new added offshore variables are the RMB cross-border trade settlement (RT), exchange rates ratio between offshore and onshore RMB (NIR), interest rates ratio between offshore and onshore RMB (DIR), the amount of RMB direct investment (RFO), the account of RQFII in stock exchanges (RQA). To eliminate the possible heteroscedasticity, we also use the natural logarithmic of CFR, IE, REER, DR, FO, QA, RT, NIR, DIR, and RFO, representing as LCFR, LIE, LREER, LDR, LFO, LQA, LDIR, LNIR, LRFO, LRT.
The result of unit root test indicates that all variables are first-differenced. The result of Johansen cointegration test shows that there is a long-term equilibrium relationship between the variables. We use state space model as Eq.3 and Eq.4. Fig.2 is the dynamic elastic graph of the influence of offshore market factors on China's foreign exchange reserves. Firstly, comparing the SV1~SV5 in Fig.1 and Fig.2 , we can find that except for FO, the influence coefficient fluctuation of IE, REER, DR and QA now are more stable. Although the fluctuation of the FO has become larger, the range of fluctuations is reduced. Secondly, we investigate the time varying characteristics of the influence of offshore factors. In total, China's foreign exchange reserves have a sensitive response on DIR, but its response on RT, NIR, RFO and RQA are relatively stable. To be more specific, the impact of NIR is the largest, followed by that of RT, RFO, DIR and ROA. The average influence coefficient of RT and DIR are positive, and the average influence coefficient of NIR and RFO are negative. The influence of RQA is not significant, and its influence coefficient range is [-0.04, 0.01]. Signal equation: LCFRt=C+SV1*LIE t +SV2*LREER t +SV3*LDR t +SV4*LFO t +SV5*LQA t +SV6*LRT t +SV7*LNI R t +SV8*LDIR t +SV9*LRFO t +SV10*RQA t +ε t . The variance decomposition results are shown in table 2. Firstly, considering the offshore RMB factors, DIR has the strongest explanation ability and its contribution increased steadily. This shows that DIR is an important factor and the interest rate difference leads to arbitrage, which resulted in the increase in foreign exchange reserves. The contribution of NIR always maintains at around 6.50%. This shows that NIR is another incentive to stimulate capital inflows. Although the contribution of RT is below 1%, from the eighth period it has been in an upward trend, and it is also an important factor. The explanation abilities of RFO and RQA are weak and their contribution has been in a downward trend. Secondly, considering all onshore and offshore RMB factors, the explanation ability of DR and DIR are relatively higher, followed by IE and NIR. Other factors have relatively lower explanatory ability. Thirdly, we study the change of the explanation ability of onshore factors after adding offshore factors. Comparing table 2 and table 1 , we find that except the contribution of DR increased 13.91%, the contribution of IE, REER, FO and QA are respectively decreased 9.32%, 27.83%, 1.83% and 3.33%. This shows that the development of Hong kong offshore RMB market has a significant impact on foreign exchange reserves, making the contribution of onshore factors significantly decreased. 
Recommendations
This paper confirmed by empirical research that the impact of offshore factors on China's foreign reserves is significant. The increase of DIR and RT will promote the increase of China's foreign exchange reserves and the expansion of NIR and RFO have negative effect on China's foreign exchange reserves. However, the effect of RQA is not significant. After the addition of offshore market factors, the impact of the onshore factors significantly decreased.
Accordingly, this paper proposes the following policy recommendations. Firstly, it is advisable to consider the impact of offshore markets when calculating the appropriate scale of foreign exchange reserves. Secondly, it is necessary to guide the RMB cross-border trade to achieve balance. Thirdly, it is necessary to steadily advance the liberalization of interest rate and exchange rate. Fourth, cross-border RMB direct investment as the fulcrum to advance capital account opening should be promoted. Lastly, it is necessary to improve the RMB reflow mechanism and strengthen the supervision of cross-border speculative capital flows.
